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Ideal position of the buttoned device for occlusion of atrial septal defects was achieved more often 
with transesophageal than with transthoracic echocardiographic guidance (10 I l l  us 7/23; P = 
0.001). Patients with ideal device position were less likely to have residual shunts, device unbutton- 
ing, or atrioventricular valve regurgitation (2 I1 7 us 11 / 17; P = 0.002). We therefore recommend the 
use of transesophageal echocardiography to guide implantation of the buttoned device. (ECHO- 
C A R D I O G R A P ~ ,  Volume 13, March 1996) 
transesophageal echocardiography, interventional cardiac catheterization 
Transcatheter occlusion of atrial septal defects 
with the buttoned device has been reported by 
investigators from several ~enters.l-~ Although 
transesophageal echocardiographic (TEE) guid- 
ance has proved to be very important in im- 
planting the Clamshell occlusion device: the role 
of echocardiographic guidance in implanting the 
buttoned device has not been studied. We there- 
fore reviewed our experience with the buttoned 
device to determine whether TEE guidance fa- 
vorably influenced device positioning or clinical 
complications as compared to transthoracic 
echocardiographic (TTE) guidance. 
Methods 
Records of all patients who underwent at- 
tempted transcatheter closure of secundum 
atrial septal defects with the buttoned device 
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from March 1991 through August 1992 at The 
University of Arizona (University Medical Cen- 
ter) and The University of Michigan (C.S. Mott 
Children’s Hospital) were reviewed. Immediate 
results and intermediate follow-up of these pa- 
tients have been reported.’ The mode of echocar- 
diographic guidance (TTE vs TEE) for each pro- 
cedure was determined, and postprocedure 
TTEs andor surgical reports were reviewed to 
determine the position of all six arms of the de- 
vice, as well as the presence and magnitude of 
any residual left-to-right shunt. Echocardio- 
graphic guidance was used as an adjunct to  flu- 
oroscopy in all occlusion procedures, with the 
mode of guidance determined by operator pref- 
erence. The influence of the mode of echocardio- 
graphic guidance during the implantation proce- 
dure on device position and on residual shunting 
and other clinically relevant complications was 
analyzed by Fisher’s Exact Test, with P c 0.05 
indicating statistical significance. 
Results 
A total of 41 patients were potentially eligi- 
ble for inclusion in this study. Seven patients 
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TABLE I 
Mode of Echocardiographic Guidance, Device Position,* and Residual Small to Moderate Shunts After 
Buttoned Device Occlusion of Atrial Septa1 Defect 
Occluder Arm Counteroccluder Arm 
Patient Number Weight (kg) Echo Mode Residual Shunt Position Position 
1 10.8 TTE + 2LA, 2RA 2RA 
2 17.0 TTE 0 4LA 2RA 
3 16.5 TTE 0 3LA, 1RA 
TTE 0 2LA, 2RA 2RA, 1 to Tv 4 24.6 
5 18.0 TTE 0 
6 18.5 TTE 0 3LA, IRA 2RA 
7 15.0 TTE 0 4LA 2RA, 1 to Ivc 
8 42.0 TEE 0 4LA 2RA, UB 
9 15.2 TEE 0 4LA 2RA 
10 16.1 TTE 0 4LA 2RA 
11 12.5 TTE 0 3LA, 1RA 2RA 
12 23.3 TTE + 3LA, 1RA 2RA 
13 15.9 TTE 0 4LA 2RA 
14 15.9 TTE 0 4LA 2RA 
15 72.6 TEE 0 4LA 2R.A 
16 14.0 TTE 0 to M v  2RA 
17 75.0 TEE 0 4LA 2RA 
18 20.0 TTE 0 3LA, 1RA 2RA 
19 12.2 TTE 0 3LA, 1RA 2RA 
20 13.0 TTE + 3LA, 1RA 2RA 
21 16.4 TTE 0 3LA, 1RA 2RA, UB 
22 63.5 TEE 0 4LA 2RA 
23 91.0 TEE 0 4LA 2RA 
24 14.9 TTE 0 4LA 2RA 
25 20.4 TEE 0 4LA, 1 to M V  2RA 
26 66.2 TEE + 4LA 2RA 
27 17.8 TTE 0 3LA, 1RA 2RA 
28 16.3 TTE 0 4LA 2RA 
29 10.3 TTE + 3LA, 1RA 2RA 
30 85.4 TEE 0 4LA 2RA 
31 17.6 TTE 0 4LA, 1 to Mv 2RA 
32 58.4 TEE 0 4LA 2RA 
33 15.4 TTE 0 4LA 2RA 
34 32.7 TEE 0 4LA 2RA 
2RA, 1 to Tv, UB 
3LA, 1RA 2RA, UB 
* Ideal device position is 4LA occluder arm position, 2RA counteroccluder arm position, with no further specification. WC: 
inferior vena cava; LA: left atrium; Mv: mitral valve; R A  right atrium; TEE: transesophageal echocardiography; TTE: 
transthoracic echocardiography; Tv: tricuspid valve; UB: unbuttoned. 
were excluded: the procedure was abandoned 
without implanting a device in six patients; 
and TTE was inadequate to definitively indi- 
cate the position of all six device arms in one 
adolescent patient with Marfan’s syndrome 
and pectus excavatum. Results from the re- 
maining 34 patients are shown in Table I. TTE 
was used in 23 patients and TEE in 11 pa- 
tients. Ideal device position was defined as all 
four occluder arms on the left atrial side of the 
septum, both counteroccluder arms on the 
right atrial side of the septum, and no im- 
pingement by the device on any structures be- 
yond the atrial septum (Fig. 1). Ideal position 
was observed in 17 cases (50%). In 13 cases, 
one or two occluder arms passed through the 
defect into the right atrium (Fig. 2). In three 
cases, an occluder arm extended to the mitral 
valve, and a counteroccluder arm extended to 
the tricuspid valve in two cases (both cases 
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Figure 1. (A) Diagram of the buttoned device in ideal position, viewed from the right atrium (RA). The oc- 
cluder can be seen in outline on the left atrial side of the septum. The insert shows the device in cross section, 
with the occluder and counteroccluder connected by the button loop. (B) Inverted subcostal transthoracic 
echocardiographic image of a buttoned device in ideal position. Occluder and counteroccluder are aligned in 
parallel on either side of the atrial septum. The arrow indicates the button, which has been passed through the 
counteroccluder to secure it to the occluder. This image is similar to the insert in panel A. LA = left atrium. 
have occluder arms in the right atrium). In the 
remaining patient, a counteroccluder arm ex- 
tended into the inferior vena cava. Of the 11 
devices implanted under TEE guidance, ten 
were in ideal position. Only 7 of 23 devices im- 
planted under TTE guidance were in ideal po- 
sition (P = 0.001). 
Small-to-moderate residual left-to-right 
shunts (shunt fraction 0.20-0.33) were present 
in five patients immediately after occlusion, in- 
cluding four patients with occluder arms posi- 
tioned in the right atrium and one patient 
whose device met the criteria for ideal place- 
ment. Unbuttoning of four devices occurred, 
three with occluder arms in the right atrium 
and one thought to  be in ideal position. Com- 
bining the clinically significant and potentially 
significant complicating factors of unbutton- 
ing, small-to-moderate residual shunts, and 
arm placement on atrioventricular valve appa- 
ratus, these factors were present in 3 of ll pa- 
tients in whom TEE guidance was used, com- 
pared to  10 of 23 TTE patients (P = 0.30). 
When analyzed by device position, only 2 of 17 
patients with ideal device position have these 
factors, compared to 11 of 17 patients with 
nonideal device position (P = 0.002). 
Discussion 
The buttoned device was designed to be im- 
planted without need for echocardiographic 
guidan~e.~ In our initial experience, we found 
both TTE and TEE guidance helpful in balloon 
sizing of the defects and in confirming device 
position and efficacy.* The present retrospec- 
tive comparison suggests that TEE guidance is 
associated with more accurate device place- 
ment than TTE guidance (91% vs 30% in ideal 
position), similar to results reported with im- 
plantation of the Clamshell occluding device 
with TEE guidance (72% in ideal positiong). Be- 
cause patient allocation to TTE and TEE was 
not random, we cannot statistically exclude the 
possibility that the differences observed are 
due to selection bias. TEE guidance was used 
in larger patients than TTE (56.6 f 25.6 kg vs 
16.2 2 3.5 kg body weight; P < O.OOOl>, al- 
though defect diameter by balloon occlusion 
was no different (14.5 2 5.0 mm vs 14.1 2 3.1 
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Figure 2. (A) Diagram of the buttoned device with one occluder arm passed through the atrial septal defect. 
The remainder of the occluder can be seen in outline on the left atrial side of the septum. The insert shows the 
device in cross section, with a n  occluder arm projecting into the right atrial cavity causing its opposite arm to 
project into the lefr atrial cavity. (B) Noninverted apical transthoracic echocardiographic image of a patient 
with one occluder arm of the buttoned device passed through the atrial septal defect into the right atrium (RA; 
arrow), causing the opposite arm to project into the left atrial cavity. The counteroccluder is imaged in cross 
section (arrowhead), and the button can be seen in the right atrium between the counteroccluder and the arrow. 
This image is similar to the inset in panel A, except that the counteroccluder is imaged in cross section rather 
than longitudinally. This buttoned device completely occluded the atrial septal defect, despite the nonideal oc- 
cluder arm position. LA = left atrium. 
mm). Nevertheless, we have been impressed 
that TEE provides more precise, real-time 
feedback regarding device position than does 
TTE, which facilitates adjustment of the deliv- 
ery system until device position is optimal. 
TEE guidance can be used during fluoroscopy 
without irradiating the echocardiographer, 
and does not suffer the degradation of echocar- 
diographic windows commonly experienced 
when patients are positioned for cardiac 
catheterization. Because of the time period 
during which this study was performed, TEE 
was not available for our smaller patients. 
With the development of smaller probes, we 
have used TEE guidance exclusively since 
1993, with similar results in small patients. 
Ideal device position was associated with 
fewer potentially significant residual shunts, 
probably due to better occluder position 
against the atrial septum, and with fewer in- 
stances of unbuttoning, possibly due to less 
tension on the buttoning apparatus when the 
occluder does not protrude through the defect. 
By definition, no patient with ideal device po- 
sition had impingement of the device on the 
atrioventricular valve apparatus. Achievement 
of ideal device position was associated with 
fewer clinical complications, regardless of the 
mode of echocardiographic guidance used, but 
the use of TEE guidance was strongly associ- 
ated with achievement of ideal device position. 
Ideal device position therefore appears to be a 
clinically worthwhile goal. We recommend use 
of TEE guidance during implantation of the 
buttoned device in order to enhance the likeli- 
hood of achieving ideal device position. 
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